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Abstract
Since the numerical path integration in the lattice QCD involves quark and gluon fields (not
hadron fields) the lattice QCD cannot calculate any hadronic observable. Because of this reason
the hadronic properties are extracted in the lattice QCDmethod by inserting complete set of hadron
states
∑
n |n >< n| = 1 in between the partonic operators by assuming HQCD|n >= En|n > where
En is the energy of the hadron. However, in this paper we find HQCD|n > 6= En|n > because the
QCD hamiltonian HQCD is unphysical but the En and |n > of the hadron are physical. We show
that this is consistent with EQCD(t) =< n|HQCD|n > 6= En due to non-zero energy flux Eflux(t)
in QCD because of confinement involving non-perturbative QCD. Hence we find that the lattice
QCD method to study hadron mass is not correct.
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I. INTRODUCTION
The hadron (such as proton and neutron) is not an elementary particle of the nature
but the quark and gluon inside the hadron are the elementary particles of the nature. The
interaction between quarks and gluons is caused by the color force or the strong force which
is a fundamental force of the nature. Similar to Maxwell theory which describes the elec-
tromagnetic force of the nature, the Yang-Mills theory [1] describes the color force (or the
strong force) of the nature. The quantum field theory of the classical Yang-Mills theory is
the quantum chromodynamics (QCD) which describes the interaction between quarks and
gluons.
Renormalization of non-abelian gauge theory was proved by ’t Hooft and Veltman [2]
which enabled us to do the practical calculation in QCD. The discovery of the asymptotic
freedom by Gross, Wilczek and Politzer [3, 4] proved that the renormalized QCD coupling
decreases at small distance. In addition to renormalization the factorization theorem is
important to study physical observable at high energy colliders [5].
Due to the asymptotic freedom in QCD the short distance partonic level scattering cross
section in the renormalized QCD can be calculated by using the perturbative QCD (pQCD).
Hence there has been lot of progress in the pQCD calculation of the partonic level scattering
cross section at LO, NLO, NNLO etc. at the high energy colliders.
Irrespective these progress in pQCD, since we have not directly experimentally observed
quarks and gluons, the partonic level scattering cross section calculated by the pQCD can
not be directly experimentally measured. What is directly experimentally measured is the
hadron cross section. Hence it is necessary to know how the quarks and gluons form the
hadron.
Since the asymptotic freedom predicts that the renormalized QCD coupling increases at
long distance the pQCD is not reliable at long distance. Hence the non-perturbative QCD
is necessary to study how the hadron is formed from quarks and gluons.
However, the analytic solution of the non-perturbative QCD is not known. This is because
the full path integration in QCD can not be done analytically (see section II). For this reason
the full path integration in QCD is done numerically by using lattice QCD method. It is
claimed in the lattice QCD studies that the mass of the hadron can be extracted by using
the lattice QCD method. This, however, is not true which we will show in this paper.
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Since the lattice QCD does the full path integration of quark and gluon fields in QCD,
see section II, all that lattice QCD can calculate is the vacuum expectation of the non-
perturbative correlation function of the type
< Ω|ψ¯(x1)...ψ(xn)|Ω > (1)
where ψ(x) is the quark field and |Ω > is the full interacting vacuum in QCD. However,
since the path integration in lattice QCD involves the quark and gluon fields (but not hadron
fields), the lattice QCD can not calculate the hadronic observable.
Since lattice QCD can numerically calculate the non-perturbative vacuum expectation
< Ω|ψ¯(x1)...ψ(xn)|Ω > in QCD in eq. (1) but can not calculate the hadronic observable,
the lattice QCD method inserts complete set of hadron states
∑
n |n >< n| = 1 in between
appropriate partonic operators in eq. (1) to extract the hadronic observable [see eqs. (10)
and (12) for details].
The time evolution of an operator Oˆ(t) in the lattice QCD is governed by the Heisenberg
evolution
Oˆ(t) = e−itHQCDOˆeitHQCD (2)
where HQCD is the full QCD hamiltonian which includes all the quarks plus antiquarks plus
gluons inside the hadron. One of the crucial assumption made by the lattice QCD method
is
HQCD|n >= En|n > (3)
where |n > is the (physical) momentum eigenstate of the hadron normalized to unity and
En is the energy of the hadron which is a physical quantity.
However, in this paper we show that the eq. (3) is not correct due to confinement in
QCD involving non-perturbative QCD, i. e., we find
HQCD|n > 6= En|n > . (4)
This is because the QCD hamiltonian HQCD is unphysical but the En and |n > of the hadron
are physical (see sections IV and V for details). We find that eq. (4) is consistent with [see
eq. (13) for the derivation]
EQCD(t) =< n|HQCD|n > 6= En (5)
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due to non-zero energy flux Eflux(t) in QCD because of confinement involving non-
perturbative QCD. In eq. (5) the EQCD(t) is the gauge invariant color singlet energy of
all the quarks plus antiquarks plus gluons inside the hadron.
Hence we find that the lattice QCD method to study hadron mass is not correct.
The paper is organized as follows. In section II we briefly review the non-perturbative
correlation function in QCD in the path integral formulation. In section III we discuss the
lattice QCD method to study the hadron matrix element. In section IV we mention that the
QCD hamiltonian and the QCD operator are not physical. In section V we mention that
the momentum eigenstate and the mass/energy of the hadron are physical. In section VI
we show that the unphysical QCD hamiltonian operating on physical eigenstate of hadron
can not give the physical energy eigenvalue of the hadron. In section VII we show that the
lattice QCD method to study hadron mass is not correct. Section VIII contains conclusions.
II. NON-PERTURBATIVE CORRELATION FUNCTION USING PATH INTE-
GRAL FORMULATION OF QCD
In order to extract the hadronic observable in the lattice QCD method one chooses
an operator Oˆ(x) built out of quark and antiquark fields in QCD which has the same
quantum number of the hadron so that upon hadronization it generates the hadron. In the
path integral formulation of the QCD the non-perturbative correlation function of the type
< Ω|Oˆ(x1)...Oˆ(xn)|Ω > is given by
< Ω| Oˆ(x1)...Oˆ(xn)|Ω >=∫
[dψ][dψ¯][dA] det[
δ∂λAb
λ
δωc
] Oˆ(x1)...Oˆ(xn) e
−i
∫
d4x[F b
λν
(x)Fλνb(x)− 1
2α
(∂λAb
λ
(x))2+ψ¯j(x)[δ
jk(i 6∂−m)+gT b
jk
6Ab(x)]ψk(x)]
∫
[dψ][dψ¯][dA] det[
δ∂λAb
λ
δωc
] e−i
∫
d4x[F b
λν
(x)Fλνb(x)− 1
2α
(∂λAb
λ
(x))2+ψ¯j(x)[δjk(i 6∂−m)+gT bjk 6A
b(x)]ψk(x)]
(6)
where ψi(x) is the quark field with color index i = 1, 2, 3, the A
a
µ(x) is the (quantum) gluon
field, α is the gauge fixing parameter and
F bνδ(x) = ∂νA
b
δ(x)− ∂δA
b
ν(x) + gf
badAaν(x)A
d
δ(x). (7)
There is no ghost field in eq. (6) because we have used the determinant det[
δ∂λAb
λ
δωc
].
Due to the presence of cubic and quartic powers of the gluon field Aaµ(x) in F
b
λν(x)F
λνb(x)
in eq. (6) it is not possible to evaluate this full path integration in QCD in eq. (6) analyt-
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ically. For this reason the full path integration in QCD in eq. (6) is evaluated numerically
by using the lattice QCD method. Note that in order to perform the numerical integration
in lattice QCD it is necessary to go to Euclidean time instead of Minkowski time.
III. LATTICE QCD METHOD TO STUDY HADRONIC MATRIX ELEMENT
In the lattice QCD method the vacuum-to-hadron matrix element and the mass of the
hadron are extracted from the non-perturbative two-point correlation function [6]. Similarly
in the lattice QCD method the hadron-to-hadron matrix element is extracted from the non-
perturbative three-point correlation function [6].
Note that the quark and antiquark fields in the operator Oˆ(r, t) are not free quark and
antiquark fields but these quark and antiquark fields are in the presence of the gluon field.
Hence the non-perturbative two-point correlation function of the type
M2 =
∑
r
< Ω|Oˆ(r, t)Oˆ(0)|Ω > (8)
is in the full interacting QCD which is evaluated numerically by using the lattice QCD
method. In order to extract the vacuum-to-hadron matrix element in the lattice QCD
method one inserts complete set of hadron states
∑
n
|n >< n| = 1 (9)
along with eq. (2) in eq. (8) to find in the Euclidean time
∑
r
< Ω|Oˆ(r, t)Oˆ(0)|Ω >=
∑
n
< Ω|etHQCDOˆe−tHQCD |n >< n|Oˆ|Ω >
=
∑
n
< Ω|Oˆ|n >< n|Oˆ|Ω > e−tEn (10)
where HQCD is the (unphysical) QCD hamiltonian of all the quarks plus antiquarks plus
gluons inside the hadron, |n > and En are the momentum eigenstate and energy of the
hadron respectively which are physical. The crucial assumption made in the lattice QCD
method to obtain the right hand side of eq. (10) is the use of eq. (3). From eq. (10) one
can extract the vacuum-to-hadron matrix element < n|Oˆ|Ω > in the lattice QCD method
in the large Euclidean time limit.
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Similarly in the lattice QCD method the hadron-to-hadron matrix element < n|Oˆ|n′ >
can be extracted from the non-perturbative three-point correlation function of the type
M3 =
∑
r
∑
r′
< Ω|Oˆ(r, t)Oˆ(r′, t′)Oˆ(0)|Ω > . (11)
Using eqs. (9) and (2) in (11) one finds in the Euclidean time
∑
r
∑
r′
< Ω|Oˆ(r, t)Oˆ(r′, t′)Oˆ(0)|Ω >=
∑
n
∑
n′
< Ω|etHQCDOˆe−tHQCD |n >< n|et
′HQCDOˆe−t
′HQCD |n′ >< n′|Oˆ|Ω >
=
∑
n
∑
n′
< Ω|Oˆ|n >< n|Oˆ|n′ >< n′|Oˆ|Ω > e−(t−t
′)En−t′En′ . (12)
Using the extracted vacuum-to-hadron matrix element < n|Oˆ|Ω > from eq. (10) in eq. (12)
one extracts the hadron-to-hadron matrix element < n|Oˆ|n′ > from eq. (12) in the lattice
QCD method in the large Euclidean time limit.
IV. QCD HAMILTONIAN AND QCD OPERATOR ARE NOT PHYSICAL
Now let us turn our discussion to the serious physical problems in the eqs. (10) and (12)
in the lattice QCD method.
First of all since the lattice QCD evaluates the path integration of quark, antiquark
and gluon fields numerically it has no information about the hadron while evaluating the
path integration in QCD. The lattice QCD uses the (unphysical) QCD hamiltonian and
the (unphysical) QCD operators of the quark, antiquark and gluon fields, see eqs. (10)
and (12). Even if the operator Oˆ(r, t) used in the path integration in QCD in eq. (6)
has the same quantum numbers of the hadron but this operator Oˆ(r, t) is not a hadronic
operator. The operator Oˆ(r, t) is still the partonic operator even if it is color singlet, gauge
invariant and carries the same quantum numbers of the hadron. Hence one finds that all
that lattice QCD numerically evaluates is the path integration of the quark, antiquark and
gluon fields to predict the vacuum-to-vacuum expectation value of the non-perturbative
correlation function of the type < Ω|Oˆ(x1)...Oˆ(xn)|Ω >.
In order to convert the vacuum-to-vacuum expectation value of the non-perturbative
correlation function of the type < Ω|Oˆ(x1)...Oˆ(xn)|Ω > to (physical) hadronic observables,
the lattice QCD makes assumptions as described in eqs. (10) and (12). However, we find in
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this paper that there are serious physical problems in eqs. (10) and (12) in the lattice QCD
method which we will discuss in this paper.
The major flaw in the lattice QCD method of inserting complete set of hadronic states
in between partonic operators is in the use of eq. (3) in eqs. (10) and (12). According to eq.
(3) the HQCD is the (unphysical) QCD hamiltonian of all the quarks plus antiquarks plus
gluons inside the hadron. This QCD hamiltonian HQCD is not physical because we have not
directly experimentally observed quarks and gluons. Similarly the operator Oˆ(r, t) of the
partons in eq. (6) is not physical even if it is color singlet, gauge invariant and carries the
same quantum numbers of the hadron because we have not directly experimentally observed
quarks and gluons.
Because of this reason there is a serious physical problem in operating the unphysical
QCD hamiltonian HQCD on the physical eigenstate |n > of the hadron to obtain the physical
energy eigenvalue En of the hadron [see eq. (3)] which we will discuss in detail in sections
V and VI.
The energy EQCD(t) of all the quarks plus antiquarks plus gluons inside the hadron
corresponding to this QCD hamiltonian HQCD is given by [7]
EQCD(t) =< n|
∫
d3x Tˆ 00QCD(~x, t)|n >=< n|HQCD|n > 6= En (13)
which is not a conserved quantity because of the non-vanishing energy flux Eflux(t) in QCD.
The non-zero energy flux Eflux(t) in QCD arises due to the non-vanishing boundary surface
term because the potential energy in QCD is an increasing function of distance due to
confinement in QCD which involves non-perturbative QCD [7]. In eq. (13) the Tˆ 00QCD(~x, t)
is the 00 component of the energy-momentum tensor density operator Tˆ µνQCD(x) of all the
quarks plus antiquarks plus gluons inside the hadron.
This is not surprising because the quark/antiquark and the gluon are not directly ex-
perimentally observed and hence the energy EQCD(t) of all the quarks plus antiquarks plus
gluons inside the hadron is not a physical quantity.
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V. MOMENTUM EIGENSTATE AND MASS/ENERGY OF HADRON ARE
PHYSICAL
Unlike the quark and gluon which are not directly experimentally observed, the hadron
is directly experimentally observed. Because of this reason the quark, the antiquark and the
gluon are not physical whereas the hadron is physical.
This implies that the QCD hamiltonian HQCD is unphysical because HQCD is the QCD
hamiltonian of all the quarks plus antiquarks plus gluons inside the hadron. However, the
momentum eigenstate |n > of the hadron, the energy En of the hadron and the mass Mn of
the hadron are physical.
VI. UNPHYSICAL QCD HAMILTONIAN OPERATING ON PHYSICAL EIGEN-
STATE OF HADRON CAN NOT GIVE THE PHYSICAL ENERGY EIGENVALUE
OF HADRON
Note that everything in eq. (3) are physical except the QCD hamiltonian HQCD. This
implies that the eq. (3) can not be correct because the right hand side of eq. (3) is physical
but the left hand side of eq. (3) is not physical due to the the presence of unphysical QCD
hamiltonian HQCD in the left hand side of eq. (3).
We have shown in eq. (13) that due to the confinement involving non-perturbative QCD
the energy EQCD(t) of all the quarks plus antiquarks plus gluons inside the hadron is not a
conserved quantity due to the non-vanishing energy flux Eflux(t) in QCD [7]. Hence unless
EQCD(t) = En the eq. (3) is not satisfied.
However, since the energy EQCD(t) of all the quarks plus antiquarks plus gluons inside
the hadron depends on time t and the energy En of the hadron is constant (independent of
time t) we find that [7]
EQCD(t) 6= En. (14)
Using eq. (14) in (5) we derive eq. (4).
Hence we find that in QCD the eq. (3) is not correct but the eq. (4) is correct due to
the existence of non-zero energy flux Eflux(t) in QCD [7] which is because of confinement
involving non-perturbative QCD.
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VII. LATTICE QCD METHOD TO STUDY HADRON MASS IS NOT CORRECT
Consider the pion mass Mpi extraction using the lattice QCD method. For the hadron to
be a pion the QCD operator Oˆ(r, t) is given by
Oˆ(x) = ψ†(x)γ5ψ(x). (15)
In the non-perturbative two-point correlation function in QCD in eq. (8) the operator Oˆ(0)
creates the quark-antiquark pair at the space-time point 0 from the QCD vacuum with same
quantum number of the pion. The evolution of this quark-antiquark state from the space-
time point 0 to the space-time point (~r, t) is via the QCD hamiltonian HQCD. This QCD
hamiltonian HQCD is the hamiltonian of all the quarks plus antiquarks plus gluons inside
the pion. Finally, the operator Oˆ(r, t) annihilates this quark-antiquark pair.
Using the operator Oˆ(x) from eq. (15) in eq. (10) we find for the lowest energy state in
the large Euclidean time limit [6]
∑
r
< Ω|Oˆ(r, t)Oˆ(0)|Ω > |t→∞ =< Ω|Oˆ|π >< π|Oˆ|Ω > e
−tMpi (16)
where
< Ω|Oˆ|π >= fpiMpi (17)
with fpi being the pion decay constant. This is the usual procedure to extract the pion mass
Mpi in the lattice QCD method.
Note that the eq. (3) is used in eq. (16) to extract the pion mass Mpi in lattice QCD
method. However, as we have shown in the section VI the eq. (3) is not correct in QCD but
the eq. (4) is correct in QCD due to the existence of non-zero energy flux Eflux(t) in QCD
[7] which is because of confinement involving non-perturbative QCD.
Hence by using eq. (4) in (10) we find
∑
r
< Ω|Oˆ(r, t)Oˆ(0)|Ω >=
∑
n
< Ω|etHQCDOˆe−tHQCD |n >< n|Oˆ|Ω >
6=
∑
n
< Ω|Oˆ|n >< n|Oˆ|Ω > e−tEn (18)
which gives [similar to eq. (16)]
∑
r
< Ω|Oˆ(r, t)Oˆ(0)|Ω > |t→∞ 6=< Ω|Oˆ|π >< π|Oˆ|Ω > e
−tMpi . (19)
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Hence we find from eq. (19) that the lattice QCD method to extract the hadron mass is not
correct.
Note that the hadronization also plays an important role to study the hadron production
from the quark-gluon plasma at RHIC and LHC [8–11].
VIII. CONCLUSIONS
Since the numerical path integration in the lattice QCD involves quark and gluon fields
(not hadron fields) the lattice QCD cannot calculate any hadronic observable. Because of
this reason the hadronic properties are extracted in the lattice QCD method by inserting
complete set of hadron states
∑
n |n >< n| = 1 in between the partonic operators by
assuming HQCD|n >= En|n > where En is the energy of the hadron. However, in this paper
we have found HQCD|n > 6= En|n > because the QCD hamiltonian HQCD is unphysical but
the En and |n > of the hadron are physical. We have shown that this is consistent with
EQCD(t) =< n|HQCD|n > 6= En due to non-zero energy flux Eflux(t) in QCD because of
confinement involving non-perturbative QCD. Hence we have found that the lattice QCD
method to study hadron mass is not correct.
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